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SUMMARY 
This paper p r e s e n t s  t h e  r e s u l t s  of groundbased and f l i g h t  i n v e s t i g a t i o n s  
performed a t  NASA t o  develop s p o i l e r s  as t r a i l i n g  v o r t e x  a l l e v i a t i o n  dev ices .  
Based on t h e  r e s u l t s  ob ta ined  i n  t h e s e  i n v e s t i g a t i o n s ,  it w a s  found t h a t  t h e  
induced r o l l i n g  moment on a t r a i l i n g  model can b e  reduced by s p o i l e r s  l o c a t e d  
n e a r  t h e  midsemispan of a vor tex- genera t ing wing. S u b s t a n t i a l  r educ t ions  i n  
induced r o l l i n g  moment occur when t h e  s p o i l e r  v o r t e x  a t t e n u a t o r  is  l o c a t e d  w e l l  
forward on both  unswept and swept wing models. I n  a d d i t i o n ,  i t  w a s  found t h a t  
e x i s t i n g  f l i g h t  s p o i l e r s  on t h e  jumbo-jet t r a n s p o r t  a i r c r a f t  can be  e f f e c t i v e  
as t r a i l i n g  v o r t e x  a t t e n u a t o r s .  
INTRODUCTION 
The s t r o n g  v o r t e x  wakes genera ted  by l a r g e  t r a n s p o r t  a i r c r a f t  are a 
p o t e n t i a l  hazard  t o  smaller a i r c r a f t .  NASA is involved i n  a program of model 
tests, f l i g h t  tests, and t h e o r e t i c a l  s t u d i e s  t o  determine t h e  f e a s i b i l i t y  
of reducing t h e  hazard  by aerodynamic means. 
i c a l l y  i n  f i g u r e  1. 
i n v e s t i g a t i o n s  of s p o i l e r s  as a p o s s i b l e  method of t r a i l i n g  v o r t e x  a t t e n u a t i o n  
This  hazard  i s  de f ined  schemat- 
One phase of t h i s  program has  been devoted t o  exper imenta l  
because s p o i l e r s  
e f f e c t i v e  way t o  
NASA a c t i v i t y  i n  
\ 
can i n j e c t  tu rbu lence  i n  t h e  wake, and they are a l s o  a n  
al ter  t h e  span load  d i s t r i b u t i o n .  This paper b r i e f l y  covers  
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wing span, m 
wing chord, m 
wing mean aerodynamic chord, m 
lift lift coefficient, -
QSW 
trimmed lift coefficient 
trailing wing rolling-moment coefficient 
- trailing wing rolling moment 
"TWbTW 
- 
itching moment pitching-moment coefficient = 
@W% 
momentum coefficient 
dynamic pressure, Pa 
wing area, m 2 
velocity, m/s 
jet velocity, m/s 
free-stream velocity, m/s 
lateral dimension, m 
angle of attack, deg 
jet deflection, deg 
Subscripts : 
max maximum 
TW trailing wing model 
W generating model 
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EARLY SPOILER INVESTIGATIONS 
I n  1970, t h e  NASA Ames Research Center performed wind-tunnel and f l i g h t  
i nves t iga t ions  of a wingtip-mounted s p o i l e r  ( r e f s .  1 and 2 ) .  The wind-tunnel 
r e s u l t s  shown i n  f i g u r e  2 ind ica ted  t h a t  a downstream d is tance  of 10 wing 
chord lengths ,  t he  c i rcumferen t ia l  w a s  reduced because of t he  s p o i l e r  by 
approximately one-half, whi le  t he  core  diameter w a s  approximately doubled. 
These r e s u l t s  w e r e  i n t e rp re t ed  as s i g n i f i c a n t l y  a l t e r i n g  the  vor tex  s t r u c t u r e  
i n  a manner t h a t  would con t r ibu te  t o  a more rapid d i s s i p a t i o n  of the  vor tex  
and an accompaying reduct ion i n  vor tex  i n t e n s i t y .  
tunnel  test ,  wingtip s p o i l e r s  w e r e  mounted on the l e f t  wingtip of a Convair 
990 a i r c r a f t  f o r  evaluat ion i n  f l i g h t .  I n  the  f l i g h t  program, a Learjet 23 
a i rp l ane  w a s  used t o  probe the  vortexes  from both t h e  r i g h t  and l e f t  wingtip 
of t he  Convair 990. 
of t he  i n t e n s i t i e s  of t h e  vortexes .  Several  sho r t  encounters with  each 
vor tex  were made by the  probe a i r c r a f t ,  and the  p i l o t  reported t h a t  he  could 
t e l l  no d i f f e r ence  between the  modified and unmodified vortexes  from t h e  
dynamic response of t he  a i r c r a f t .  It w a s  concluded, therefore ,  t h a t  f u r t h e r  
research w a s  required t o  determine an e f f e c t i v e  technique i n  t he  use of 
s p o i l e r s  f o r  vor tex  a t tenua t ion .  
Subsequent t o  t he  wind- 
The r o l l  response of the  Learjet w a s  used as an index 
RECENT SPOILER INVESTIGATIONS 
I n  1971, experimental work was  i n i t i a t e d  a t  t he  NASA Langley Research 
Center t o  f u r t h e r  i n v e s t i g a t e  s p o i l e r s  as a poss ib le  vo r t ex  abatement device.  
I n  t h e  f i r s t  phase of t h i s  study, a semispan wing w a s  used i n  a study t o  
determine the  proper l oca t ion  f o r  a s p o i l e r  t o  be i n s t a l l e d  on the  wing t o  
cause the  l a r g e s t  apparent a l t e r a t i o n  t o  t h e  t r a i l i n g  vortex.  The semispan 
wing w a s  mounted on the  Langley tow tank ca r r i age  and propelled through a 
smoke screen,  and observations w e r e  made of the  behavior of the  smoke en t ra ined  
i n  t h e  vortex.  
t he  s p o i l e r s  posi t ioned a t  p r a c t i c a l l y  every conceivable l oca t ion  on the  wing, 
i t  w a s  determined * tha t  a s p o i l e r  of about 8-percent chord pro jec t ion  located 
After  several hundred observations of t he  smoke pa t t e rns  with 
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between the  50- and 75-percent spanwise loca t ion  near t h e  30'percent chord 
l i n e  would cause the most a l t e r a t i o n  t o  t he  vo r t ex  system, and, i n  general ,  
t he  observed vor tex  motion became e s s e n t i a l l y  nonexistent a f t e r  a very s h o r t  
t i m e .  
an unswept aspect- ratio- 8 wing model with a s p o i l e r  having an 8-percent 
p ro jec t ion  located along the  30-percent chord l i n e  between t h e  50- and 75- 
percent semispan s t a t i o n  as shown i n  f i g u r e  3. 
Based on these  observations,  a wind-tunnel i nves t iga t ion  w a s  made using 
The three- quarter span f l a p s  
used on t h i s  model w e r e  appended t o  t h e  wing as is shown i n  f i g u r e  3. 
i s  a photograph of t h e  aspect- ratio- 8 model mounted i n  t he  Langley V/STOL 
tunnel.  
Figure 4 
The s p o i l e r  e f fec t iveness  w a s  evaluated using the  t r a i l i n g  model tech- 
nique t o  determine the  maximum rolling-moment c o e f f i c i e n t  ( f i g .  5) induced by 
the  generating model. It can be seen t h a t  the  s p o i l e r  w a s  e f f e c t i v e  i n  
reducing the  induced rolling-moment coe f f i c i en t  on the following model by 
about 25 percent  throughout the  range of downstream d is tances  inves t iga ted .  
The complete r e s u l t s  of t h i s  i nves t iga t ion  w e r e  reported i n  reference 3. 
Because the  prime concern w a s  t he  vortex-wake problem behind very l a r g e  
t r anspor t  a i r c r a f t ,  a dec is ion  w a s  made t o  concentrate ground-based s tud ie s  
on t h e  jumbo-jet c l a s s  of a i r c r a f t .  
j e t  t ranspor t  ( f i g .  6) w a s  used f o r  subsequent tests i n  the  Langley V/STOL 
tunnel.  Results of t h i s  i nves t iga t ion  are reported i n  reference 4.  Figure 7 
i s  a photograph of the  generating a i r c r a f t  model mounted i n  t he  V/STOL tunnel 
wi th  a l l  landing f l a p s  extended 30'; a l s o  shown downstream is the  traverse 
r i g  f o r  mounting the  t r a i l i n g  model. 
Therefore, a 0.03-scale model of a jumbo- 
Two s i z e s  of unswept t r a i l i n g  wing models were used during the i nves t i-  
gat ions  ( f i g .  8) .  
business j e t  a i r c r a f t ;  t he  o ther  had the span and aspect  r a t i o  equivalent  t o  
a medium s i z e  j e t  t ranspor t  a i r c r a f t .  
t o  on the  f i gu re s  as the s m a l l  and the  l a r g e  t r a i l i n g  models. 
One had a span and aspect  r a t i o  equivalent  t o  a s m a l l  
These t r a i l i n g  models are r e fe r r ed  
The f i r s t  s p o i l e r  configurat ion inves t iga ted  as a vor tex  a t t enua to r  on 
the  generating model w a s  a p l a i n  vertical  pro jec t ion  s p o i l e r  located along t h e  
30-percent chord l i n e  between t h e  50- and 75-percent semispan s t a t i o n s  as is 
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shown i n  f i g u r e  9. 
wing of t he  generating model. 
t i o n  on t h e  induced rolling-moment c o e f f i c i e n t ,  measured on the  small t r a i l i n g  
wing model loca ted  a t  6 . 7 4  spans downstream of t h e  generating model. It can be 
seen t h a t  t he  maximum reduct ion i n  r o l l i n g  moment w a s  achieved with  about an 
8-percent s p o i l e r  project ion.  Therefore, subsequent tests were made wi th  the  
s p o i l e r  projected t o  8 percent.  
Figure 10 is  a photograph of t h e  s p o i l e r s  mounted on t h e  
Figure 11 shows t h e  e f f e c t  of s p o i l e r  projec-  
The e f f ec t iveness  of t h e  s p o i l e r s  i n  reducing the  t r a i l i n g  wing ro l l i ng-  
moment c o e f f i c i e n t  f o r  t he  two s i z e s  of t r a i l i n g  models downstream of t he  
generating model i s  shown i n  f i g u r e  1 2 .  It can be seen t h a t  t h e  induced 
rolling-moment c o e f f i c i e n t  on the  l a r g e  t r a i l i n g  model downstream of t he  
generating model w a s  l a r g e r  than those induced on the  s m a l l  t r a i l i n g  model. 
The reduct ion i n  induced rolling-moment c o e f f i c i e n t  on t h e  s m a l l  t r a i l i n g  
model w a s  about 35 t o  40 percent  over the  range of downstream d is tances  
inves t iga ted ;  whereas, t h e  reduct ion i n  induced rolling-moment c o e f f i c i e n t  on 
the l a rge  model w a s  on the  order  of 1 5  t o  25 percent.  
Data obtained i n  t he  Hydronautics, Inc. ,  w a t e r  towing tank on t h e  
This generating model with and without s p o i l e r s  is shown i n  f i g u r e  1 3 .  
f a c i l i t y  allows f o r  da ta  t o  be  taken a t  a g rea t e r  downstream d is tance  than 
can be obtained i n  the  V/STOL tunnel.  
t r a i l i n g  wing rolling-moment coe f f i c i en t s  does no t  agree with those obtained 
i n  the  V/STOL tunnel ,  t he  t rends do agree,  and the  e f fec t iveness  of the  s p o i l e r  
as a vortex a t t enua to r  i s  subs t an t i a t ed  over the  extended downstream range 
ava i l ab l e  i n  t h e  towing tank. 
Even though the  magnitude of t he  measured 
A j e t  s p o i l e r  w a s  a l s o  inves t iga ted  ( f i g .  14) on the  generat ing model. 
Holes were d r i l l e d  i n t o  a wing pressure  chamber a t  var ious  angles t o  t he  wing 
upper sur face  so  t h a t  var ious  je t- shee t  angles  could be  inves t iga ted .  
i nves t iga t ion  i t  w a s  found t h a t  when the  j e t  shee t  w a s  d i r ec t ed  v e r t i c a l l y  
(6j  = 90') o r  inc l ined  forward (6 = 120°), a t  r e l a t i v e l y  low values  of C t he  
j 1-I 
j e t  s p o i l e r  w a s  e f f e c t i v e  i n  reducing the  induced t r a i l i n g  wing r o l l i n g  
I n  t h i s  
moments on the s m a l l  t r a i l i n g  model. 
rear (6 
much l a r g e r  values  of C 
When t h e  j e t  shee t  w a s  inc l ined  t o  the  
0 
= 60' o r  6 = 7 5  ), t h e  induced r o l l i n g  moments were not  reduced u n t i l  
j j 
w e r e  reached. A poss ib le  reason f o r  t h i s  is  shown by 
1-I 
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t h e  d a t a  i n  f i g u r e  15. 
i nc l ined  j e t  s p o i l e r  (6 
a reduct ion of l i f t- cu rve  s lope  genera l ly  associated wi th  t h e  separated region 
t h a t  is expected a f t  of a forward- located s p o i l e r .  
rearward, there  w a s  entrainment of t h e  flow, and no extensive separa t ion  region 
w a s  noted. The j e t  s p o i l e r  i n  t h i s  case acted s i m i l a r l y  t o  a boundary-layer 
con t ro l  device. 
It can b e  seen  t h a t  f o r  the  vertical- and forward- 
= 90' and 6 = 120') a t  a C value  of 0.05, t he re  i s  
j j 1-I 
When t h e  j e t  w a s  inc l ined  
Even though the  s p o i l e r  concepts discussed so  f a r  did  show promise as 
poss ib le  vor tex  a t t enua to r s  on t h e  fu l l- sca l e  a i rp lane ,  t h e i r  use  would r equ i r e  
ex tens ive  modifications t o  t h e  a i rp lane .  It became apparent t h a t  t he  normal 
f l i g h t  s p o i l e r s  a l ready on the  a i rp l ane  should b e  s tud ied  as poss ib le  vor tex 
a t tenua tors .  Therefore, exploratory wind-tunnel tests w e r e  made i n  the  V/STOL 
tunnel  during March 1975 using wooden wedges t o  represent  t h e  var ious  of the  
f l i g h t  s p o i l e r s  noted on f i g u r e  16. 
therefore ,  the  model wing w a s  modified s o  t h a t  t h e  f l i g h t  s p o i l e r s  would b e  
more represen ta t ive  of those on the fu l l- sca l e  t ranspor t s .  Over the  s ec t ion  
of the  wing immediately forward of the  outboard f l a p s ,  s p o i l e r s  w e r e  con- 
s t r u c t e d  t h a t  would operate  s i m i l a r l y  t o  t h e  a c t u a l  f l i g h t  spoilers--when 
r e t r a c t e d ,  t he  s p o i l e r s  made the  contours of the  upper su r f ace  of the  wing and 
when def lec ted ,  a l a r g e  gap w a s  formed forward of the  f l ap .  The s p o i l e r  
segments i d e n t i f i e d  on f i g u r e  16  as 1, 2,  3, and 4 w e r e  inves t iga ted  i n  t he  
following combinations: 1 and 2 ( f i g .  17) ;  2 and 3 ( f i g .  18); 3 and 4 ( f i g .  1 9 ) ;  
and 1 and 4 ( f i g .  20). 
These exploratory r e s u l t s  were encouraging; 
The r e s u l t s  obtained f o r  these  var ious  combinations of f l i g h t  s p o i l e r s  
are presented i n  f i g u r e  21. 
It can be seen t h a t  wi th  e i t h e r  of these var ious  combinations of f l i g h t  s p o i l e r  
segments def lec ted  t o  4 5 O ,  t he re  w a s  a l a r g e  decrease i n  the  r r a i l i n g  ro l l ing- .  
moment c o e f f i c i e n t  induced on the  s m a l l  t r a i l i n g  wing model. Two of these 
configurat ions  (1 and 2, and 1 and 4 )  w e r e  inves t iga ted  over a s p o i l e r  d e f l e c t i o  
range. 
s p o i l e r  e f fec t iveness  w a s  obtained a t  a de f l ec t ion  angle of about 30°. 
(Complete test r e s u l t s  are ava i l ab l e  i n  r e f .  5.)  
The restilts shown i n  f i g u r e  22 i n d i c a t e  t h a t  e s s e n t i a l l y  a l l  the  
Data obtained i n  t h e  V/STOL tunnel using the  l a r g e  t r a i l i n g  model ( f i g .  
23) i n d i c a t e  t h a t  t h e  induced rolling-moment coe f f i c i en t  is  a t tenua ted ,  
344 
however, t o  a lesser ex ten t  than w a s  noted f o r  t he  smaller t r a i l i n g  model. 
Data obtained i n  the  Hydronautics, Inc. ,  w a t e r  towing tank with  t he  s m a l l  
t r a i l i n g  model ( f i g .  24) confirmed t h e  foregoing r e s u l t s  and a l s o  ind ica ted  
t h a t  the  l a r g e  reduct ion i n  induced rolling-moment c o e f f i c i e n t  on the  s m a l l  
t r a i l i n g  model w a s  a l s o  r ea l i zed  a t  much g r e a t e r  downstream d i s t ance  than w a s  
obtainable  i n  t he  Langley V/STOL tunnel. 
Tests w e r e  a l s o  made i n  t h e  Langley Vortex Research F a c i l i t y  of t h e  
fl ' ight s p o i l e r s  as vor tex  a t t enua to r s  on a genarat ing model, and var ious 
t he  r e s u l t s  ( f i g .  25) e s s e n t i a l l y  agree with  those obtained i n  both the  
Langley V/STOL tunnel  and t h e  Hydronautics, Inc. ,  water tank f a c i l i t y .  
As a r e s u l t  of t h e  f ind ings  i n  the  ground-based f a c i l i t i e s ,  a f l i g h t  
program w a s  made a t  t h e  Hugh L. Dryden F l igh t  Research Center t h a t  used the  
ex i s t i ng  f l i g h t  s p o i l e r s  on a NASA-owned B-747 a i r c r a f t  as t h e  vor tex  
a t tenua t ing  device.  
Penetrat ions  behind the  B-747 a i rp l ane  i n  i ts  landing configurat ion were 
l imi ted  t o  about 13 km (7 n ,  mi . ) ,  with appropr ia te  de f l ec t ion  of t h e  3-747 
f l i g h t  s p o i l e r s ,  pene t ra t ion  as c lose  as about 4 km (2 n. mi.) w e r e  made. 
These f l i g h t s  r e s u l t s  ( r e f .  6) have v e r i f i e d  the  t rends obtained i n  the  
ground-based f a c i l i t i e s .  
A T-37 a i r c r a f t  i s  used t o  pene t ra te  t h e  t r a i l i n g  vortex.  
/ 
CONCLUDING REMARKS 
Results obtained i n  these  inves t iga t ions  showed t h a t  t h e  induced 
r o l l i n g  moment on a t r a i l i n g  model can b e  reduced by s p o i l e r s  loca ted  near 
t he  midsemispan of a wing. 
occur when the  s p o i l e r  vor tex a t t enua to r  i s  loca ted  w e l l  forward on both 
unswept and swept wing models. 
f l i g h t  s p o i l e r s  on the  jumbo-jet t r anspor t  a i r c r a f t  model are e f f e c t i v e  as 
t r a i l i n g  vo r t ex  a t tenua tors .  
Subs tan t ia l  reduct ions  i n  induced r o l l i n g  moment 
I n  addi t ion ,  i t  w a s  found t h a t  the  e x i s t i n g  
3 45 
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Figure  3.--Sketch of aspect- rat io- 8 models. 
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Figure  4.--Aspect-ratio-8 model i n  Langley V/STOL tunnel .  
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Figure 7.--Transport model with flap configuration 3Oo/3O0 in V/STOL tunnel. 
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Figure 8.--Unswept t ra i l ing wing models on traverse mechanism. - 
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MI DSPAN SPOILER 
*’ bw SECTION A- A . 
Figure  9.--Midspan s p o i l e r  c o n f i g u r a t i o n  d e t a i l s .  
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Figure 11,--Transport model with forward-located midspan spoiler. 
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Figure 12.--Variation of trailing wing, rolling-moment coefficient with dis- 
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Figure 13.--Variation of t r a i l i n g  wing, rolling-moment c o e f f i c i e n t  with  d i s-  
tance downstream from t r anspor t  model--water tank. Midspan s p o i l e r ;  


















Figure 14.--Transport model with jet spoiler, small trailing wing 6.74 spans 















Figure 15.--Transport model w i t h  j e t  s p o i l e r ,  C = 0.05. 
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Figure 17.--Flight s p o i l e r s  1 and 2 on t r anspo r t  model. 
Figure 18.--Flight s p o i l e r s  2 and 3 on t r anspo r t  model. 
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Figure 19.--Flight spoilers 3 and 4 on transport model. 
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Figure 23.--Variation of trailing wing, rolling-moment coefficient with dis- 
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